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1. Introduction  
In the past years anionic N-heterocyclic carbenes (anionic 
NHC) have risen from laboratory curiosities to an innovative 
emerging field. Consequently, recent results concerning 
chemistry, properties and applications have been summarized in a 
first comprehensive review.1 Anionic N-heterocyclic carbenes can 
be tripolar zwitterionic or anionic -conjugated. For example, the 
N-heterocyclic carbene 1 bearing a borate at N1 is a zwitterionic 
anionic N-heterocyclic carbene.2 Its negative charge is not in -
conjugation with the heterocycle (Scheme 1). Borate ligands can 
also be joined to the 4-position of imidazol-2-ylidene,3 to the 2-
position of imidazol-4-ylidene,4 or to two N1 positions of two 
imidazol-2-ylidenes which form a B-bridged biscarbene.5  
 
 
 
 
Scheme 1. Examples of zwitterionic anionic N-heterocyclic 
carbenes. 
Aluminates,6 gallates,7 and other species also belong to this 
type of N-heterocyclic carbenes. Carbenes with one or more 
coordinating tethered anionic ligands such as 2 can also be termed 
zwitterionic anionic N-heterocyclic carbenes, because the sp3-
hybridized carbon atoms interrupt the conjugation between 
carbene and anionic moieties.8  
In order to generate conjugated anionic N-heterocyclic 
carbenes, it has been shown that mesomeric betaines are suitable 
starting materials. Application of Ramsden´s betaine classification 
theory9 leads to several subclasses of conjugated anionic N-
heterocyclic carbenes. A review summarizes knowledge which has 
been gained to date.10 Thus, the deprotonation of mesoionic 
compounds such as imidazolium olate 3 (X = O)11 or imidazolium 
aminide 3 (X = N)12 give -conjugated anionic N-heterocyclic 
carbenes such as 4. Other examples have been described.13 In these 
systems, the HOMO is joined to the diaminocarbene partial 
structure through an active atomic orbital coefficient. Cross-
conjugated anionic N-heterocyclic carbenes such as 6 have been 
prepared from Kappe´s betaine 5 by deprotonation.14 In carbene 6 
the diaminocarbene moiety is joined to the anionic backbone 
through phase inversions (nodal positions; inactive positions) of 
the corresponding HOMO which cause a -electronic charge-
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separation in the ground state.15 Thus, systems such as 6 have to 
be distinguished from the former mentioned species.  
 
 
 
 
 
 
 
 
Scheme 2. Anionic N-heterocyclic carbenes of mesomeric 
betaines. 
The anions 8(I) – 8(III) of sydnones 7 (1,2,3-oxadiazolium-5-
olates16) delocalize their negative charge within the -conjugated 
system.17 They can be represented as abnormal anionic N-
heterocyclic carbenes 8(I), anionic normal N-heterocyclic 
carbenes 8(II) and as electron sextet structures 8(III). Thus, 
sydnone anions, which proved to be quite stable as lithium adducts 
under exclusion of moisture,17 are elements of the intersection of 
the compound classes of mesomeric betaines and anionic N-
heterocyclic carbenes. They have been applied in synthetic 
chemistry18 and as ligands of catalysts for Suzuki-Miyaura 
reactions under various conditions.19 Sydnone imine carbenes 
have been described recently.20 According to a very recently 
introduced quantitative analysis of factors influencing the ease of 
formation of oxa- and thia-N-heterocyclic carbenes, N-phenyl-
sydnone has a CREF (carbene relative energy of formation) index 
value of 0.572 which is between the values of 3 (Ar = Ph; 0.600) 
and 5 (Ar = Me; 0.547).21 
 
 
 
Scheme 3. Selected canonical forms of sydnone anions. 
 
In continuation of our studies we became interested in sydnone-4-
carboxylates, because a number of hetarenium-carboxylates can 
behave as masked N-heterocyclic carbenes. Examples are 
carboxylates of pyridin-2-ylidene derivatives,22 imidazol-2-
ylidenes,23 pyrazolium-3-ylidenes,24 and indazolium-3-ylidenes25. 
They were proven to be versatile starting materials for their in-situ 
generation by thermal decarboxylation which is a valuable 
alternative to deprotonations. Based on these reported 
developments and our finding that sydnone-4-carboxylates are 
effective additives for Suzuki-Miyaura reactions in acid,19 we 
investigated the decarboxylation and the thermal behavior of 
sydnone-4-carboxylates in the solid state, in solution, and under 
ESI mass spectrometric conditions. The mechanism of the 
decomposition was also examined via DFT computations.  
 
2. Results and discussion 
2.1. Syntheses and characterizations of sydnone-4-
carboxylates 
Lithium sydnone-4-carboxylates 10a,b were prepared by 
bromination at the C4 positions of the sydnones 7a,b based on 
literature procedures to yield 9a26 and 9b27. This was followed by 
bromine-lithium exchange and treatment of the resulting species 
with carbon dioxide. The formed sydnone-4-carboxylate 10a has 
already been described in the literature before.28 Finally, the 
lithium-carboxylates were protonated to give the carboxylic acids 
11a,b. In contrast to the generally applied procedures,19,29 
hydrochloric acid was replaced by hydrogen tetrafluoroborate as 
protonating agent in order to obtain better yields. 
 
 
 
 
 
 
 
 
 
 
Scheme 4. Synthesis of sydnone-4-carboxylic acids. 
We performed single crystal X-ray analyses on the isolated 
compounds 7a and 7b. We found, that the sydnone moiety and the 
aryl ring at position N3 are twisted by 104.7 ° (7a)30 and 178.9 ° 
(7b)17 from the molecular plane. In addition, single crystals of N-
phenylsydnone-4-carboxylic acid 11a were grown through slow 
evaporation of a concentrated solution in ethanol. The monoclinic 
crystals comprised neither water of crystallization nor solvent 
molecules (Fig. 1). 
 
 
 
 
 
 
 
Figure 1. Unit cell of single crystals of N-phenylsydnone-4-
carboxylic acid 11a. 
In the crystallized form, the N-phenylsydnone-4-carboxylic acid 
11a forms dimers which are connected via two relatively stable31 
homo-intermolecular hydrogen bonds32 (Fig. 2).  
 
 
 
 
 
 
 
 
 
Figure 2. Molecular drawing of N-phenylsydnone-4-carboxylic 
acid 11a in the unit cell. 
According to the single crystal analysis, the torsion angle 
between the sydnone ring and the N3-aryl ring (C12-C10-N3-N2) 
is 116.0° and the dihedral angle between sydnone and carboxylate 
group (C5-C4-C7-O9) was measured to be 174.4°. 
The bond between the carboxylic acid moiety and the sydnone ring 
(1.44 Å) appears to be longer than in aliphatic carboxylic acids. 
The carbonyl double bond C7=O has a length of 1.23 Å. The bond 
length between the carbonyl carbon atom and the hydroxyl group 
is shortened (1.34 Å), caused by the dimeric structure.33 
2.2.1 Classifications 
Sydnones (I) are conjugated mesomeric betaines (CMB) 
constructed of the 1,3-dipole azomethin-imine (II) and carbon 
dioxide (Scheme 5). Their isoconjugated equivalents are even, 
non-alternant hydrocarbon dianions III. Mesoionic compounds of 
type A such as sydnones are constructed of atoms a-f which 
contribute electrons to the system as indicated by the superscripts 
(IV). Sydnone-4-carboxylates are anionic tripoles, therefore they 
are exceptions to the definition of mesomeric betaines in the 
classical sense.34 Nevertheless they can be described as hybrids of 
the conjugated mesomeric betaines sydnone and the pseudo-cross-
conjugated mesomeric betaines (PCCMB), because they possess 
the characteristic structural motif of 2-iminio-carboxylate VI. As 
mentioned before, this is also present in other masked N-
heterocyclic carbenes.22-25 In the carboxylic acids and their lithium 
salts (VII) the general type of conjugation does not change as they 
represent a vinylogous prolongation of the -conjugated system of 
sydnones through a starred position of the isoconjugated 
hydrocarbon equivalent (VIII).  
 
 
 
 
 
 
 
 
Scheme 5. Architecture of sydnones, sydnone-4-carboxylates 
and lithium sydnone-4-carboxylates. 
 
2.2. Decarboxylations 
In order to study the decarboxylation of sydnone carboxylates in 
the solid state, we first performed thermogravimetric analysis 
(TGA) measurements of the lithium sydnone-4-carboxylates 10a 
and 10b. In the case of 10a, a slight weight loss could be observed 
between approximately 50 °C up to 205 °C which can be attributed 
to the release of approximately 0.2 mol of CO2 under these 
conditions. At higher temperatures (above 205°C) the compound 
decomposed. In contrast, a weight loss in the range between 50°C 
and 83°C can be observed on measuring the lithium sydnone-4-
carboxylate 10b which can be attributed to the loss of 
approximately 2.3 mol of water of crystallization. Considering that 
no decarboxylation expected to take place under these conditions, 
the release of approximately 0.3 mol of CO2 in the temperature 
range between 83°C and 198°C can be estimated.  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 3. TGA measurements of 10a and 10b.  
To prove the formation of CO2 on heating the solids 10a,b we 
performed vibrational spectroscopy in a wide temperature range. 
The decarboxylation was initiated by heating the KBr pellet on a 
Linkam table. The IR spectra of 10a and 10b are shown in figures 
4 and 5, respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. IR spectra of 10a at various temperatures, 25°C – 
200°C.  
The absorbance bands at 2340-2400 cm-1 and 659 cm-1, which 
increase on heating the lithium sydnone-4-carboxylate 10a were 
identified as deformation vibrations of the released CO2. We 
considered that this carbon dioxide was trapped within the KBr 
pellet and thus also could undergo recarboxylations of the sydnone 
carbene. Parallel to the CO2 formation, the absorption bands at 
1750 cm-1 and 1605 cm-1, attributable to the asymmetric stretching 
vibration of the carboxylate group,35 decreased and a new 
absorption band at 1646 cm-1 is formed. As the C(4)–H out-of-
plane vibration absorbance band at 930 cm-1 as well as the 
vibration absorbance band at 3100 cm-1 of the sydnone 7a could 
not be observed, the reprotonation under the applied measurement 
conditions appears to be negligible. In Figure 5 we compared the 
room temperature IR spectra of 7a and 10a to the IR spectra of 10a 
at 200°C. The CO2 bands, which are observable in the spectra 
measured at 25°C, are due to CO2 from the atmosphere as the 
measurements were performed under air. After more than 3 hours 
at 200°C the sample decomposed. 
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Figure 5. IR spectra of 7a and 10a at 25 °C and 10a at 200°C 
after heating for 5 minutes.  
 
The lithium sydnone-4-carboxylate 10b behaved similarly 
(Figure 6). In the range of 1580-1800 cm-1 the absorbance bands 
of the carboxylate group at 1750 cm-1 and 1600 cm-1 disappeared 
on warming, while the absorption band at 1650 cm-1 increased. 
Neither the characteristic C(4)–H out-of-plane vibration of the 
sydnone 7b at 930 cm-1 nor the vibration band at 3100 cm-1 were 
visible. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. IR spectra of 10b at various temperatures, 20°C – 
150°C.  
Low resolution electrospray ionization mass spectra were 
measured of methanolic solutions of the samples which were 
sprayed from acetonitrile in the anion detection mode. They 
displayed the [2 x 8a - Li]- peak at m/z (%) = 329.0 (50 %), and the 
peaks of the non-associated sydnone anion [8b]-, of [2 x 10b -Li]-
, and of [5 x 10b - Li]- at m/z = 203.1 (100%), 501.0 (55%), and 
1263.2 (15%), respectively, so that in both cases the anionic N-
heterocyclic carbene is detectable. This is also confirmed by high 
resolution mass spectrometry. The sydnone anion 8a was 
identified by its peak at m/z = 161.0359 (calcd 161.0357), and the 
existence of 8b under these conditions was verified by its peak at 
m/z = 203.0814 (calcd 203.0814). In the absence of lithium, the 
sydnone-4-carboxylates fragmented even at 0 V fragmentor 
voltage. HRESI-MSMS measurements reveal that the first step of 
the fragmentation, in both cases, is the decarboxylation to the 
sydnone anions 8a,b. After that, the sydnone rings fragmented 
similarly as described for sydnones, as peaks at m/z = 131.1345 
and m/z = 173.0356 were detectable, respectively.36  
Next, we focused our investigations on decarboxylations in 
solution. Surprisingly, no decarboxylation was observed by 1H 
NMR spectroscopy at increasing temperatures when anhydrous 
DMSO-d6 was used as solvent. The spectra of lithium sydnone-4-
carboxylate 10a in wet DMSO-d6 are shown in Figure 7. At 50°C 
compound 10a decarboxylated within a couple of hours to the 
corresponding sydnone 7a, with a notable induction period at the 
beginning. Analogously, we observed the formation of 7b from 
lithium sydnone-4-carboxylate 10b under these conditions.  
 
 
Figure 7. Decarboxylation / reprotonation of 10a at 50°C in 
DMSO-d6, observed at 400 MHz and a measuring temperature 
of 25 °C. 
To gain insight into the mechanism of the decarboxylation, we 
performed DFT computations on the investigated system (for 
computational details, see Supporting Information). First, we 
calculated several structures of the contact ion pair complexes 
(CIPC) of lithium sydnone-4-carboxylate 10a (Fig. 8.). We found 
that the anion is not planar due to steric interaction between the 
phenyl ring and the carboxyl group; in the most stable structure 
(10a-I), the torsion of the phenyl ring is -52.7°. The results suggest 
that the energetically favored position of the lithium cation is 
between the carboxylate oxygen and the exocyclic oxygen atoms. 
This is in accordance with IR spectroscopic observations, where 
red shifts of exocyclic CO stretching can be explained by the 
interaction of the oxygen with the lithium.37 
 
 
Figure 8. Investigated contact ion pair structures of 10a. 
Selected interatomic distances (in Å units) and torsion angles are 
shown in blue. Relative free energy values in kcal/mol units are 
collected in brackets. 
At this position, the positively charged lithium induces electron 
transfer from the electron rich C(4) atom towards the carboxylate 
and strengthens the C-C bond between them.38 
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The free energy barrier height of the decarboxylation of the CIPC 
is estimated to be 32.4 kcal/mol, and this process is predicted to be 
highly endergonic (27.5 kcal/mol).39 However, the observed 
decarboxylation occurs in wet DMSO solvent media, which can 
allow the dissociation of the CIPC. We thus investigated the 
decarboxylation of the free anion as well. The influence of the 
presence of water on the energetics was evaluated through 
optimized structures and transition states with one or two 
coordinated water molecules. 
In the absence of water molecules, the electronic energy of the 
anion increases gradually with the C-C distance and no local 
maximum could be identified. Nevertheless the calculated reaction 
free energy is significantly lower (14.4 kcal/mol), which suggests 
a more feasible pathway for the decomposition. In the presence of 
one coordinated water molecule, a transition state could be found; 
activation free energy on this reaction route is only 27.7 kcal/mol 
(Figure 9.). According to our computations additional water 
coordination is not beneficial to the reaction, because the barrier 
in the presence of two water molecules is slightly larger (28.4 
kcal/mol). 
 
 
Figure 9. Water assisted decarboxylation routes investigated 
computationally. 
As the decarboxylation requires the formation of an electron 
rich carbene, the stabilization of this state might facilitate the C-C 
bond cleavage. This is fully consistent with the obtained transition 
state structures, where stabilizing interaction can be observed 
between an OH and the C(4) atom (Figure 10). 
 
 
Figure 10. Calculated decomposition transition states with the 
assistance of one water molecule (left) and two water molecules 
(right). Relative Gibbs free energy values (with respect to 
separated anion and water state) in kcal/mol units are shown in 
brackets. Selected C-C and C-HO distances are shown in Å units.   
These computational results suggest that the wet DMSO plays 
double role in the decomposition process in solution: (a) it allows 
the dissociation of the salt (b) and stabilizes the formed carbene 
via coordinated water molecules. 
 
To complete our studies we also performed TGA measurements 
of the sydnone-4-carboxylic acids 11a,b (Figure 12.). The 
decomposition of the sydnone carboxylic acids 11a,b occurs under 
milder conditions in comparison to the sydnone-4-carboxylates, 
i.e. at 175°C (11a) and 180°C (11b). The small temperature range 
in which the decompositions were taking place is also striking. 11b 
decomposes very rapidly above 203°C. The temperature is in the 
range of those which also shows the carboxylate 10b, Figure 4. 
However, the decomposition of the acid proceeds in a smaller 
temperature range. In comparison with the corresponding lithium 
sydnone carboxylates, the sydnone carboxylic acids are more 
volatile.  
 
 
 
 
 
 
 
 
 
 
Figure 12. TGA measurements of 11a and 11b. 
 
3. Conclusion 
Anionic sydnone carbenes are formed by decarboxylation of 
sydnone-4-carboxylic acids in the solid state, in solution, and in 
the gas phase as evidenced by temperature-dependent IR 
spectroscopy, NMR spectroscopy in wet DMSO-d6, and by ESI 
mass spectrometry, respectively. In solution, the presence of water 
facilitates the decarboxylation. This is in contrast to the 
carboxylates of other mesomeric betaines in which water is 
considered as a stabilizer. Computational analysis indicated that 
the lithium ion stabilizes the molecule and that one molecule of 
water is necessary to initiate the decarboxylation. The 
decarboxylation of sydnone-4-carboxylates supplement our 
knowledge concerning pseudo-cross-conjugated partial structures 
of mesomeric betaines as masked N-heterocyclic carbenes. 
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4. Experimental Section  
4.1. General considerations 
The reactions were carried out under an atmosphere of nitrogen in oven-
dried glassware. Nuclear magnetic resonance (NMR) spectra were obtained 
with a Bruker Avance 400 and Bruker Avance III 600 MHz. 1H NMR spectra 
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were recorded at 400 MHz or 600 MHz. 13C NMR spectra were recorded at 
100 MHz or 150 MHz, with the solvent peak or tetramethylsilane used as the 
internal reference. Multiplicities are described by using the following 
abbreviations: s = singlet, d = doublet, t = triplet, q = quartet, and m = multiplet, 
and the signal orientations in DEPT experiments were described as follows: o 
= no signal; + = up (CH, CH3); - = down (CH2). FT-IR spectra were obtained 
on a Bruker FT-IR-Raman-spectrometer, Vertex 70 V, in the range of 400 to 
4000 cm-1. A Linkam-table was connected to the IR device which used to heat 
the KBr-pellets. ATR-IR spectra were obtained on a Bruker Alpha in the range 
of 400 to 4000 cm-1. The mass spectra were measured with a Varian 320 MS 
Triple Quad GC/MS/MS with a Varian 450-GC. The electrospray ionization 
mass spectra (ESIMS) were measured with an Agilent LCMSD series HP 1100 
with APIES. The compound samples were sprayed from MeCN at 4000 V 
capillary voltage and fragmentor voltages of 30 V, unless otherwise noted. The 
HR-MS spectra were obtained with a Bruker Impact II or with a Bruker 
Daltonik Tesla-Fourier transform-ion cyclotron resonance mass spectrometer 
with electrospray ionization, or a Waters Micromass LCT with direct inlet. 
Melting points are uncorrected and were determined in an apparatus according 
to Dr. Tottoli (Büchi). Yields are not optimized. The TGA measurements were 
taken with a Q5000 IR from TA Instruments at a heating rate of 10 °C/ min 
and nitrogen as the purge gas. All density-functional theory (DFT)-calculations 
were carried out by using Gaussian09 software. 
X-Ray structure analysis of 11a, M = 206.16 g mol
–1: A suitable single crystal 
of 11a was selected under a polarization microscope and mounted in a glass 
capillary (d = 0.3 mm). The crystal structure was determined by X-ray 
diffraction analysis using graphite monochromated Mo-K radiation (0.71073 
Å) [T = 123(2) K], whereas the scattering intensities were collected with a 
single crystal diffractometer (STOE IPDS II). The crystal structure was solved 
by Direct Methods using SHELXS-97 and refined using alternating cycles of 
least squares refinements against F2 (SHELXL-97). All non-H atoms were 
located in Difference Fourier maps and were refined with anisotropic 
displacement parameters. The H positions were determined by a final 
Difference Fourier Synthesis.40  
11a crystallized in the monoclinic space group P21/c (no. 14), lattice parameters a = 
10.242(2) Å, b = 6.233(1) Å, c = 27.783(5) Å, β = 94.65(2)°, V = 1767.8(6) Å3, 
Z = 8, dcalc. = 1.549 g cm
–3, F(000) = 848 using 3270 independent reflections 
and 319 parameters. R1 = 0.0719, wR2 = 0.1388 [I > 2(I)], goodness of fit on 
F2 = 1.059, residual electron density 0.241 and –0.253 e Å–3.  
Further details of the crystal structure investigations have been deposited with 
the Cambridge Crystallographic Data Center, CCDC 1815512. Copies of this 
information may be obtained free of charge from The Director, CCDC, 12 
Union Road, Cambridge, CB2 1EZ, UK (Fax: +44(1223)-336 033; e-mail: 
fileserv@ccdc.ac.uk or http://www.ccdc.cam.ac.uk). 
 
4.1.1. 4-Bromo-N-phenylsydnone 9a 
  
A sample of 2.50 g (15.4 mmol) of N-phenylsydnone were treated with 2.70 g 
(32.9 mmol) of anhydrous sodium acetate and then with 9 mL of glacial acetic 
acid. Then, 2.46 g (0.79 mL, 15.4 mmol) bromine was dissolved in 9 mL of 
glacial acetic acid and added dropwise under vigorous stirring to the mixture 
of sydnone and NaOAc in AcOH. After stirring for 1 h at rt the reaction mixture 
was poured on 400 mL of ice and water, and then the crude product was 
extracted with dichloromethane. The organic phase was separated, washed 
subsequently with 10% of sodium thiosulfate in water, 30 mL of brine, and 
finally with 10% of NaHCO3 in water. The organic phase was dried over 
MgSO4, evaporated and the crude product was recrystallized from ethanol. 
Yield: 3.32 g (89%). 1H NMR (600 MHz, DMSO-d6): δ = 7.61–7.70 (m, 4 H, 
2‘-HC+3‘-HC+4‘-HC+5‘-HC), 7.71–7.75 (m, 1 H, 4‘-HC). 13C NMR (150 
MHz, DMSO-d6): δ = 85.2 (C-4, 
1JCC = 99.6 Hz), 129.6 (HC-2‘+HC-6‘), 130.0 
(HC-3‘+HC-5‘), 134.11 (HC-4‘), 142.7 (C-1‘), 165.8 (C-5, 1JCC = 85.6 Hz) 
ppm. 15N NMR (61 MHz, DMSO,d6): δ = -35.4 (N-2), -100.7 (N-3) ppm.26  
 
4.1.2. 4-Bromo-N-mesitylsydnone 9b 
 
This compound was prepared in analogy to 9a. A sample of 1.0 g (4.9 mmol) 
of N-mesitylsydnone, 0.40 g (4.9 mmol) of NaOAc, 0.78 g (0.25 mL, 4.9 
mmol) of bromine, and 5.8 mL of glacial acetic acid gave 1.15 g (83%) of 4-
bromo-N-mesitylsydnone, mp.: 123 °C. 1H NMR (400 MHz, CDCl3): δ = 2.08 
(s, 6 H, 1‘‘-H3C+3‘‘-H3C), 2.36 (s, 3 H, 2‘‘-H3C), 7.23-7.24 (m, 2 H, 3‘-
HC+5‘-HC) ppm. 13C NMR (100 MHz, CDCl3): δ = 16.1 (H3C-1’’+H3C-3’’), 
20.7 (H3C-2’’), 86.7 (C-4), 129.6 (HC-3’+HC-5’), 133.9 (C-1’+C-2’+C-6’), 
142.4 (C-4’), 165.1 (C-5) ppm. IR (ATR): ν = 2957, 2919, 1754, 1739, 1729, 
1703, 1605, 1482, 1454, 1435, 1413, 1382, 1336, 1306, 1294, 1210, 1186, 
1134, 1038, 1011, 975, 890, 853, 735, 714, 667, 595, 577, 538, 508, 497, 489, 
465, 449, 428 cm-1. MS (ESI, 30 V): m/z (%) = 589.0 (100) [2M+Na]+. HRESI-
MS: calc.: 304.9896 Da [M+Na]+, meas.: 304.9902 Da [M+Na]+. 
 
4.1.3. Lithium N-phenylsydnone-4-carboxylate 10a 
 
A sample of 0.10 g (0.4 mmol) of 4-bromo-N-phenylsydnone 9a was 
suspended in 5 mL of diethyl ether, cooled to -50 °C and stirred at that 
temperature for approximately 30 min. Then, 0.2 mL (0.12 g) of nBuLi (23% 
in cyclohexane) was added dropwise carefully, and stirring was continued for 
30 min. Finally, solid carbon dioxide was added rapidly. The ether was 
removed at rt with a continuous nitrogen flow and the resulting product was 
dissolved in distilled water. Then, the aqueous phase was washed subsequently 
with toluene, petroleum ether, ethyl acetate and dichloromethane, evaporated 
in vacuo at maximum 30 °C to dryness. Toluene was added and distilled off in 
vacuo. Finally, the product was dried in vacuo for 6 h without heating. Yield: 
0.88 g (> 99%), dec > 220 °C (decarboxylation). 1H NMR (400 MHz, 
DMSO,d6): δ = 7.57–7.60 (m, 2 H, 2‘-HC +6‘-HC), 7.64–7.66 (m, 3 H, 3‘-
HC+4‘-HC+5‘-HC)ppm. 13C NMR (100 MHz, DMSO,d6): δ = 107.1 (C-4), 
125.5 (HC-3’+HC-5’ or HC-2’+HC-6’), 128.7 (HC-2’+HC-6’ or HC-3’+HC-
5’), 131.2 (HC-4’), 135.4 (C-1’), 157.0 (C-7), 168.7 (C-5) ppm. IR (KBr): ν = 
3094, 3068, 3051, 1839, 1723, 1633, 1519, 1494, 1473, 1441, 1422, 1388, 
1345, 1322, 1237, 1187, 1172, 1116, 1073, 1027, 1013, 1003, 979, 919, 850, 
817, 797, 777, 765, 719, 692, 673, 661, 646, 608, 523, 491, 458 cm-1. MS (ESI, 
100 V): m/z (%) = 329.0 (50) [2M-Li-2CO2]. HRESI-MS: calc.: 161.0351 Da 
[M-Li-CO2]
-, meas.: 161.0355 Da [M-Li-CO2]. 
 
4.1.4. Lithium N-mesitylsydnone-4-carboxylate 10b 
 
The product was prepared under analogous reaction conditions. A sample of 
0.20 g (0.4 mmol) of 4-bromo-N-mesitylsydnone in 15 mL of diethylether 
(abs.) with 0.3 mL (0.20 g, 0.6 mmol) of nBuLi (23% in hexane) gave 0.17 g 
(95%). Dec. > 244 °C. 1H NMR (400 MHz, DMSO,d6): δ = 2.00 (s, 6 H, 1‘‘-
H3C+3‘‘-H3C), 2.32 (s, 3 H, 2‘‘-H3C), 7.07 (s, 2 H, 3‘-HC+5‘-HC) ppm. 
13C 
NMR (100 MHz, DMSO,d6): δ = 16.3 (H3C-1‘‘+H3C-3‘‘), 20.6 (H3C-2‘‘), 
107.3 (C-4), 128.6 (HC-3‘+HC-5‘), 132.5 (C-1‘), 133.1 (C-2‘+C-6‘), 140.0 (C-
4‘), 156.8 (C-7), 168.3 (C-5) ppm. IR (ATR): ν = 2923, 1805, 1739, 1602, 
1456, 1440, 1393, 1338, 1307, 1240, 1191, 1145, 1052, 889, 860, 851, 825, 
792, 751, 727, 684, 634, 599, 556, 476, 444, 422, 417, 413 cm-1. MS (ESI, 50 
V): m/z (%) = 211.1 (23) [M-CO2+H]
+, 261.1 (100) [M+Li]+, 509.0 (10) 
[2M+H]+, 769.2 (43) [3M+Li]+, 858.8 (33) [M+3(M-CO2)+H]
+. MS (ESI, 30 
V): m/z (%) = 203.1 (100) [M-Li-CO2], 501.0 (55) [2M-Li]
-, 1263.2 (15) [5M-
Li]-. HRESI-MS: calc.: 271.0689 Da [M-Li+H+Na]+, meas.: 271.0691 Da [M-
Li+H+Na]+, calc.: 203.0821 Da [M-Li-CO2]
-, meas.: 203.0818 Da [M-Li-CO2]. 
 
4.1.5 Lithium N-phenylsydnone-4-carboxylic acid 11a 
 
A sample of 0.22 g (1.0 mmol) of lithium N-phenyl-sydnone-4-carboxylate 
was dissolved in distilled water and cooled to 0 °C in an ice bath. HBF4 (50% 
in water) was added dropwise until pH 3. After stirring for 5 minutes, the solid 
was filtered off. The crude product was recrystallized from ethanol. Yield: 0.11 
g (54%). Mp.: 202 °C (decarboxylation). 1H NMR (400 MHz, DMSO,d6): δ = 
3.44 (br s, 1 H, OH), 7.62–7.66 (m, 2 H, 2‘-HC+6‘-HC or 3‘-HC+5‘-HC), 
7.69–7.73 (m, 1 H, 4‘-HC), 7.76–7.78 (m, 2 H, 3‘-HC+5‘-HC or 2‘-HC+6‘-
HC) ppm. 13C NMR (100 MHz, DMSO,d6): δ = 100.6 (C-4), 125.6 (HC-
2’+HC-6’ or HC-3’+HC-5’), 129.1 (HC-3’+HC-5’ or HC-2’+HC-6’), 132.0 
(C-4‘), 135.2 (C-1‘), 157.6 (C-7), 164.4 (C-5) ppm. IR (ATR): ν = 2899, 2861, 
2840, 2765, 2718, 2693, 2653, 2616, 2589, 2554, 2539, 2503, 2483, 2460, 
2445, 2432, 1805, 1769, 1670, 1654, 1649, 1611, 1483, 1459, 1414, 1401, 
1366, 1325, 1307, 1210, 1177, 1160, 1059, 1026, 1001, 990, 977, 921, 903, 
879, 842, 766, 758, 740, 727, 714, 685, 669, 663, 629, 607, 592, 518, 479, 437 
cm-1. 
 
4.1.6 Lithium N-mesitylsydnon-4-carboxylic acid 11b 
A sample of 0.8 g (3.0 mmol) of lithium N-phenyl-sydnone-4-carboxylate was 
dissolved in distilled water and cooled to 0 °C in an ice bath. HBF4 (50% in 
water) was added dropwise until pH 3. After stirring for 5 minutes the solid 
was filtered off. The crude product was recrystallized from ethanol. Yield: 0.73 
g (97%). Mp.: 203 °C (decarboxylation). 1H NMR (400 MHz, MeOD,d4): δ = 
2.11 (s, 6 H, 1‘‘-H3C+3‘‘-H3C), 2.39 (s, 3 H, 2‘‘-H3C), 7.13 (s, 2 H, 3‘-HC+5‘-
HC) ppm. 13C NMR (100 MHz, MeOD,d4): δ = 16.7 (H3C-1’’+H3C-3’’), 21.2 
(H3C-2’’), 101.8 (C-4), 130.3 (HC-3’+HC-5’), 133.3 (C-1’), 134.9 (C-2’+C-
6’), 143.5 (C-4’), 159.0 (C-7), 166.9 (C-5) ppm. MS (ESI, 30 V): m/z (%) = 
271.0 (100) [M+Na]+, 293.0 (23) [M-H+2Na]+, 519.2 (15) [2M+Na]+, 541.2 
(35) [2M-H+2Na]+. IR (ATR): ν = 2986, 2960, 2916, 2849, 2711, 2662, 2600, 
2567, 2514, 1806, 1687, 1683, 1660, 1605, 1471, 1389, 1390, 1366, 1324, 
1305, 1211, 1185, 1139, 1046, 980, 915, 893, 862, 846, 803, 761, 735, 715, 
704, 680, 625, 598, 554, 480, 464, 446, 434 cm-1. HRESI-MS: calc. 271.0695 
Da [M+Na]+, mears. 271.0695 Da [M+Na]+. 
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